Methyl 5-hydroxy-4-oxo-4H-pyran-2-carboxylate was synthesized by esterification of methanol with comenic acid under acidic catalysis. The obtained ester was alkylated with 3-(chloromethyl)-5-phenylisoxazole and 4,5-dichloro-3-(chloromethyl)isothiazole to afford corresponding conjugates containing isoxazole and isothiazole moieties which then were transformed into water-soluble Li-salts. During the bioassays of synthesized isoxazole and isothiazole derivatives of comenic acid in mixtures with first-line antitumor drug Temobel (Temozolomid) used in brain tumors chemotherapy, a synergetic effect was observed.
Comenic, meconic and kojic acids are the derivatives of 4-pyron which are widely used in the development of cosmetics, perfumes and flavors ingredients [2] [3] [4] as well as in the synthesis of biologically active substances and possess antiinflammatory, antibacterial, antioxidant, radioprotective activity themselves [5] [6] [7] [8] [9] [10] [11] [12] . Comenic acid is especially attractive for the biological studying and development of promising drug. This acid and its derivatives show various physiological action and are offered for practical application as new effective drugs [13, 14] .
Previously we had reported that some functionally substituted isoxazoles and isothiazoles are able to potentiate the effect of antitumor agents and insecticides, i.e., show synergistic effect [15] [16] [17] [18] . This phenomenon allows to reduce the dosage of toxic drugs used in chemotherapy of tumors as well as the consumption of insecticides used in agrochemistry. The isoxazole and isothiazole derivatives often exhibit similar biological activity [19, 20] .
We assumed that the combination of two biologically active structural fragments (pyran and 1,2-azole) in one molecule could significantly affect the biological activity of this conjugate. Based on this assumption we decided to synthesize a series of comenic acid derivatives containing isoxazole and isothiazole moieties linked to a pyran heterocycle via an ether linkage. Unlike the ester group, the ether bond is resistant to hydrolysis by the esterase enzyme in cells, so the biological effect of azole-pyran conjugates is more likely to be caused by whole molecules than fragmented metabolites.
At first stage carboxyl group of comenic acid 1 was protected by esterification with methanol under acidic catalysis by ptoluenesulfonic acid to give corresponding methyl ester of comenic acid 2. Ester 2 further was alkylated with 3-chloromethyl-5-phenylisoxazole 3a and 4,5-dichloro-3-chloromethylisothiazole 3b in DMF in the presence of anhydrous K 2 CO 3 and corresponding methyl 4-oxo-5-((5-phenylisoxazol-3-yl)methoxy)-4H-pyran-2-carboxylate 4a and methyl 5-((4,5-dichloroisothiazol-3-yl)methoxy)-4-oxo-4H-pyran-2-carboxylate 4b were synthesized. Chloromethyl derivatives of isoxazole and isothiazole 3a,b were prepared by reaction of (5-phenylisoxazol-3-yl)methanol and (4,5-dichloroisothiazol-3-yl)methanol [21] with thionyl chloride as we reported before [18, 22] . It should be noted that the alkylation with chloromethylisoxazole proceeded more slowly than alkylation with chloromethylisothiazole and the yield of ether 4a (51%) is considerably lower than that of ether 4b (78%). The obtained comenic acid conjugates with isoxazole and isothiazole 4a,b were transformed in water soluble Li salts 5a,b by treatment with lithium methylate in aqueous methanol. The water-soluble Li forms were prepared as they are more preferable for subsequent biotesting. Furthermore, it was shown that Li cations possess the cytotoxicityenhancing effect unlike other monovalent or divalent cations [23] . The synthesized compounds 2-4 were identified on the base of IR and NMR 1 H and 13 C spectra data. The formation of conjugates with azole residues 3,4 is unambiguously confirmed by the presence in their NMR 1 H and 13 C spectra the signals of the CH 2 groups and structural fragments of the isoxazole, isothiazole and pyrane heterocycles.
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The synergetic activity of the synthesized Li forms of comenic acid conjugates 5a,b in mixtures with first-line antitumor drug Temobel ® (Temozolomid) used in brain tumors chemotherapy was evaluated in vitro. Studies were carried out in a Labconco laminar (BioHazard, USA) on C6 glioma cells in 96-well plates, the Vybrant MTT Cell Proliferation Assay Kit (Thermo Fisher Scientific, Lithuania) was used, and four series of experiments were performed. To determine the viability of cells, an MTT test was used according to the procedure [24] . The absorbance of the contents of the wells was measured on an automatic biochemical immuno-fermental analyzer ChemWell® 2910 (Combi) using ChemWell® software version 6.3 (Revision A), USA. An antitumor effect was evaluated for the recommended therapeutic dose of Temobel ® 100 μg per 250 μl, as well as for a dose of 10 μg and 1,0 μg. The initial concentration of C6 glioma cells was 5000 cells per well of the plate. The cells were cultured in F10 nutrient medium. We added 10% bovine fetal serum to the culture medium.
With the application of Temobel ® at a dose of 100 μg to C6 glioma cells, about 40% of the cells died within 28 h. While using a dose of 10 μg and 1.0 μg, there were no significant differences in the number of dead cells from their spontaneous death after 28 h (cell death of 5-8%).
When the isothiazole conjugate 5b was administered at a dose of 10.0 and 1.0 μg in 28 h, significant differences (p < 0.05) in the number of dead cells were revealed from spontaneous death (15 -20%) . When the combination of Temobel ® with conjugate 5b at a dose of 10.0 and 1.0, as well as 0.1 μg, significant differences (p < 0.05) of the percentage of dead cells from spontaneous cell death (20 -25%) were revealed. Thus, the combination of Temobel ® in a subthreshold dose with conjugate 5b, and especially at its minimum dosage of 0.1 μg, is accompanied by an increase in the cytostatic effect of Temobel ® .
With a simultaneous application of Temobel ® at a dose of 10 μg and 1 μg with isoxazole conjugate 5a at doses of 1.0 and 0.1 μg, a significant (p < 0.05) death of tumor cells (20 -25%) was revealed, which indicates the manifestation conjugate 5a of the synergistic effect, the assumption of which was expressed by us earlier [25] . It is especially important that such an impressive cell death occurs only 28 h after the application of Temobel ® in subthreshold concentrations with conjugate 5a,b, which in the dosages used did not exhibited any cytotoxic effect. With the concomitant application of Temobel ® at a dosage of 10 μg with comenic acid 1, there were no reliable data on the death of tumor cells in different doses.
The obtained results, as well as our previous ones, indicates high significance of isoxazole and isothiazole scaffolds for biological activity of their conjugates with different molecules. We assume this information will be useful for further researches in this domain
and for the development of new effective medicaments and chemotherapy with reduced therapeutic doses.
Experimental
General: Melting points, Boetius heating table; IR, Nicolet Protégé spectrometer; NMR, Brucker Avance-500 spectrometer; elemental analysis, Vario Micro cube CHNS-analyser; the lithium content was determined by atomic absorption spectroscopy on a SpectrAA-200 spectrometer.
Methyl 5-hydroxy-4-oxo-4H-pyran-2-carboxylate (2):
To the solution of 1.06 g (6.79 mmol) 5-hydroxy-4-oxo-4H-pyran-2-carboxylic acid 1 in 65 mL methanol 0.05 g p-toluenesulfonic acid was added, and the mixture was refluxed for 4 h (control by TLC, eluent -ethyl acetat-hexane 50/50). Then the reaction mixture was filtered through a thin layer of silica gel and cooled down to room temperature. The precipitate was filtered and recrystallized from acetone. Yield 1.04 g (90% 
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4-oxo-5-((5-phenylisoxazol-3-yl)metoxy)-4H-pyran-2-carboxylate (4a).
The mixture of 0.19 g (1.12 mmol) methyl 5-hydroxy-4-oxo-4H-pyran-2-carboxylate 2, 0.26 g (1.34 mmol) 3-(chloromethyl)-5-phenylisoxazole 3a and 0.07 g (0.51 mmol) anhydrous K 2 CO 3 in 8 mL DMF was stirred for 24 h at room temperature and 3 h at 70°С. Then reaction mixture was cooled down, and poured into 100 mL of water, extracted with 40 mL of chloroform, washed with water and dried over Na 2 SO 4 . Solvent was removed under vacuum, and the product was recrystallized from the mixture Et 2 5-phenylisoxazol-3-yl) 
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